Physicochemical parameters, measured every 6 hours, of extra virgin argan oil heated for 24 h at 180°C were investigated and compared with those of five other edible oils treated in the same thermoxidative condition. Argan oil was found to be particularly stable at high temperature, its level of polar compounds remaining low even after 24 h of heating.
The relationship between the Amazigh diet, which uses argan oil as its main source of fat, and a significantly reduced incidence of cardiovascular and other chronic diseases is now well documented [1] [2] [3] . Like olive oil, argan oil is particularly rich in unsaturated fatty acids: oleic and linoleic acids [4] . It is richer than olive oil in tocopherols, a family of polyphenols presenting a vitamin E activity [4, 5] . Indeed, the tocopherol content of argan oil is around 700 mg/kg of oil, of which -tocopherol constitutes about 80% [5] , whereas in olive oil, the -tocopherol content is much lower [6] . Furthermore, the global composition of olive oil depends on genetic, agronomic, and environmental factors [7, 8] . The combined presence of unsaturated fatty acids, tocopherols, and sterols is considered to be responsible for the benefits of argan oil [9] .
Edible oil oxidation causes irreversible deterioration. Argan oil phospholipid content has recently been shown to be an impact factor contributing to its high oxidative stability during regular storage [10] . At high temperature, such as during heating, oils can develop negative odors and flavors [11] and oxidized fat consumption can trigger pathological conditions [12, 13] . Oils rich in linoleic and linolenic acids are frequently suspected to be particularly prone to heat-assisted oxidation [14] . Despite its high content of linoleic acid, little information is available so far concerning the stability of argan oil under prolonged high thermal conditions, [15, 16] .
To fill this gap, we decided to compare chemical changes occurring after exposure to prolonged heating conditions: 180°C for 24 hours. We chose to study, together with argan oil, virgin and refined olive, sunflower, palm, and rapeseed oils since these oils are all used worldwide as a shallow or deep frying medium. Because refining eliminates factors such as excess acidity and altered compounds responsible for undesirable organoleptic properties, refined olive oil, which is widely used around the Mediterranean basin, was included in this study.
Acidity, specific UV extinction at 232 and 270 nm (K 232 and K 270 , respectively), peroxide value, Rancimat induction period (IP), and polar compound level of extra-virgin argan (EVAO), virgin olive (VOO), refined olive (ROO), sunflower (SO), palm (PO), and rapeseed (RO) oils are shown in Table 1 . Because classical indices such as peroxide value, acidity, and specific extinction only give partial indication of the oil quality, we also determined the amount of polar compounds since this indicates more precisely the extent of oil alteration.
Indeed, acidity value turned out to be of little help to evaluate the oxidative status of the different oils. Sunflower oil acidity value remained virtually unchanged after 24 hours at 180°C confirming the known thermal stability of this oil [17] . The acidity value of all the other oils increased slowly upon heating, suggesting the occurrence of a quasi-linear thermolytic process (Table 1) . Peroxide value confirmed the good thermostability of sunflower oil; this value significantly increased only after six hours of heating. In argan and rapeseed oils, the peroxide value increased quickly during the first six hours of heating, then less rapidly, suggesting the occurrence of multiple phenomena. For the other studied oils, the increase was more gradual and did not seem to have reached a plateau after 24 hours. Peroxides are primary oxidation products whose formation can also be monitored by K 232 absorption coefficient analysis. Expectedly, for argan and rapeseed oils, the K 232 absorption coefficient underwent a strong increase during the first 6 hours of heating, whereas for sunflower oil, the K 232 absorption coefficient increased for 12 hours. Formation of secondary oxidation products can be monitored from the K 270 absorption coefficient. Variations observed in the 270 nm absorption did not indicate a general trend, indicating that complex phenomena occurred in all oils.
The induction period was evaluated using the Rancimat method. For argan oil, IP started to decrease significantly after 12 hours of heating. After 24 hours, the induction period was still 19.5 hours. Several parameters, including argan oil moisture content, have been suggested to be involved in the good oxidative stability of argan oil [18] . Our results show that even at temperatures higher than 100°C, most of the processes leading to the protection of argan oil against oxidative degradation are preserved. After 6 hours of heating, the IP of olive oil dramatically decreased to reach the low value at 3 hours and 1 hour for virgin and refined oils, respectively (Table 1) . Sunflower and rapeseed oil IPs remained remarkably stable, confirming the good oxidative behavior observed in the measurements. Surprisingly, the IP of palm oil dramatically decreased during the first 6 hours, then continued more slowly.
Upon heating, secondary oxidation products often polymerize into "polar compounds", glycerides of higher polarity and molecular weight than the original triglycerides [19] . In most European countries, polar compounds should not exceed 25% of all triglycerides [18, 20] . As shown in Table 1 , only argan, sunflower and palm oils presented a content of polar compounds that was satisfactory with regard to the European regulation after 24 hours of heating at 180°C.
Our results indicated that argan oil presents an excellent profile in terms of thermal stability. The reasons of this high stability are presumably multiple, even though the high tocopherol content of argon oil could be intuitively presented as a justification, with regards to the results obtained on sunflower oxidative stability [21] . Since most of the edible argan oil aroma is produced by roasting argan kernels [22] , our results also show that roasting does not interfere with the thermal stability of argan oil. However, it must be noted that good thermal stability does not mean good deep-frying performance. Our results indicate that argan oil is suitable for shallow or pan-frying, a culinary method that is accomplished quickly and for which the oil is not repeatedly re-used.
Experimental
Chemicals: Reagents were purchased from Professional Labo (Casablanca, Morocco). They were either of analytical or HPLC grade.
Sample preparation:
Argan oil was obtained from the women's cooperative of Tiout (Taroudant county, Morocco). Other oils were obtained from Lesieur Cristal, Roches Noires, Morocco.
Analytical methods: Acid and peroxide values were determined following official analytical methods ISO 660 and 3960, respectively [23, 24] . Acid value, determined by titration of a solution of oil in ethanol with NaOH, is expressed as percent of oleic acid, except for palm oil, the acidity of which is expressed as percent of palmitic acid. Peroxide value, expressed in meq of active oxygen per kg of oil, was determined by iodine titration of a solution of oil in iso-octane/acetic acid (2:1) that had been left in darkness in the presence of potassium iodide with a sodium thiosulfate solution. UV-light absorption (K 270 and K 232 ) was measured in cyclohexane using a Cary 100 Varian UV spectrophotometer, as previously described [25] . Oxidative stability was determined as the induction period (IP, h) recorded by a 743 rancimat (Metrohm, Switzerland) apparatus, as previously reported [18] . Total polar compounds were determined by adapting the method of Waltking and Wessels [26] . To a 50 mL volumetric flask, 2.5 g of oil was introduced and the volume adjusted to 50 mL using a solution of light petroleum and diethyl ether (87:13, v/v). Twenty mL of this solution was transferred to a chromatography column (30 X 1.8 cm i.d.) containing 20 g of silica deactivated with distilled water and suspended in a n-hexane/diethyl ether (87:13) mixture. Elution was first achieved using 250 mL of this solvent and the eluate was collected. Then, elution was repeated with 150 mL of the same solvent and the eluate collected in a separate flask. Both fractions were determined gravimetrically once the solvent had been evaporated.
Statistical analysis:
Values reported are the means ± SE of triplicates. The significance level was set at P=0.05. Separation of the means was performed by Tukey's test at the 0.05 significance level.
